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Abstract

Managed Aquifer Recharge (MAR) using treated wastewater is a viable strategy for water-resource sustainability in arid
regions; however, the simultaneous assessment of its hydrogeological and economic aspects remains challenging. The
objective of this study was to hydro-economically evaluate the implementation of an MAR project in the Qotb-Abad Plain
by integrating numerical modeling and cost-benefit analysis (CBA). The quantitative and qualitative responses of the
aquifer were simulated using the MODFLOW and MT3DMS models to estimate changes in groundwater levels, nitrate
concentrations, and total dissolved solids (TDS). Economic benefits, including pumping energy savings, the value of
stored water, and improvements in water quality, were evaluated alongside capital and operational costs under lower- and
upper-bound scenarios. Subsequently, economic indicators, including net present value (NPV), benefit-cost ratio (BCR),
internal rate of return (IRR), and payback period, were calculated. The results indicated that implementing MAR with an
annual treated wastewater volume of 1.898 million m® resulted in an approximately 4.5 m rise in groundwater level,
accompanied by reductions in TDS from 1859 to 1752 mg/L and in nitrate concentration from 22.2 to 15.4 mg/L by the
end of the five-year simulation period. Under the upper-bound scenario, the NPV, BCR, and payback period were 43.7
billion Rials, 1.36, and 3.23 years, respectively. In contrast, the lower-bound scenario was not economically justified, as
its BCR was less than 1. Overall, integrating numerical modeling with cost-benefit analysis provides a comprehensive
framework for supporting groundwater-management decision-making.
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Table 1. Capital and Operation and Maintenance Cost Components of the Managed Aquifer Recharge System

Cost Category Main Items Cost Type
) . . . o o Capital Cost
Site Preparation Site preparation, mobilization and demobilization
(CAPEX)
Injection Well Construction and o ) ) ) ) Capital Cost
) Drilling, equipment installation, and well completion
Equipment (CAPEX)
Treated Wastewater Transmission o ) ) ) ) Capital Cost
o Pipeline installation, fittings, valves and protective coating
Pipeline (CAPEX)

repairs, periodic well flushing and equipment «System operation

Operation and Maintenance

Annual Cost
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Table 2. Input Parameters of Economic Analysis
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Parameter

Value

Unit

Initial investment (CAPEX)

Annual operation and maintenance cost (OPEX)

Annual available recharge volume

Economic analysis horizon

Discount rates

95,935,492,000
5,740,060,000
1,898,000
5

Rial
Rial/year
m?/year

year

3,8, 15, and 25 %
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Figure 2. Trends of annual economic benefit components and total direct benefits under the managed aquifer

recharge scenario during the five-year analysis period; including (a) economic benefit components and (b) total
annual benefits under lower- and upper-bound scenarios
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Table 3. Estimated Annual Direct Project Benefits Based on Model Outputs (Billion Rial)

Water Water Total Total
Water quality Water quality
Energy economic economic benefits benefits
Year improvement improvement
saving value (Lower  value (Upper (Lower (Upper
(Lower bound) (Upper bound)
bound) bound) bound) bound)
1 0.34 1.03 28.47 3.78 5.60 5.15 3441
2% 0.29 1.03 28.47 4.45 6.59 5.77 3535
3 0.23 1.03 28.47 5.11 7.58 6.38 36.28
4% 0.29 1.03 28.47 5.71 8.46 7.03 37.23
5 1.03 1.03 28.47 6.31 9.35 7.68 38.17

“Values for years 2 and 4 were estimated using linear interpolation between model outputs for years 1.3.and 5.
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Table 4. Economic Indicators of the Project

Discount rate

Scenario %) NPV (Billion Ria) BCR IRR (%) Payback period (year) Economic status
Lower bound 3 -93.1 0.24 — >5 Non-economic
Lower bound 8 -93.7 0.21 — >5 Non-economic
Lower bound 15 -943 0.18 — >5 Non-economic
Lower bound 25 -94.9 0.15 — >5 Non-economic
Upper bound 3 43.7 1.36 17.4 3.23 Economic
Upper bound 8 25.4 1.21 17.4 3.23 Economic
Upper bound 15 5.6 1.05 17.4 3.23 Economic
Upper bound 25 -14.9 0.87 17.4 3.23 Non-economic

IRR was not calculated for the lower-bound scenario because the cumulative cash flow remained negative during the analysis period.

(b) Changes in Benefit—Cost Ratio (BCR) at Different Discount Rates (a) Changes in Net Present Value (NPV) at Different Discount Rates
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Figure 3. Changes in Net Present Value (NPV) (a) and Benefit—Cost Ratio (BCR) (b) under Lower-Bound and Upper-Bound
Scenarios at Different Discount Rates

& 01 (5 pdyprens 4 STl AST Ol (S35 500 wiis o ol ol Uik ciis s (gilaans e
Sk 5 Ol oo Gl S5 o)z Cr‘w* Ghle nlw ‘U,cs,jj‘j Sl Ol el ‘%Jl“"".’:lfd‘j}"-ﬁ iy ke

u.:‘ b)":’d“f‘“‘ (Qlj::j_}TDS MLS) CM“.LS J“““ 3 g

A4


http://dx.doi.org/10.47176/jwss.30.3.75111
https://jstnar.iut.ac.ir/article-1-4570-fa.html

[ Downloaded from jstnar.iut.ac.ir on 2026-10-12 ]

[ DOI: 10.47176/jwss.30.3.75111 ]

258105 Salw 5 550l ol

VE00 5l / oy oslad /ol dla / S 5 O e 4125

s3LaBl (5925l 93 53 0391 (SRAIT (G Yly> Mg,
Cumulative Cash Flow Changes of the Project under Two Economic Scenarios

60
oRb oS 92l
Lower-Bound Scenario

40 4 Vo oS 92l
Upper-Bound Scenario

20 A

Jlo PLPY = CulS;h 090
Break-even Point = 3.23 Years

5680

\

-20 4

—40

(JU) 3)luler) (sanni (5385 galio OLy2
Cumulative Cash Fiow (Billion Rial)

_go{ -95.94

©
[ N
P &
@

-92.64

—100 A

0392 sl
Project Year

kel o Al 331 (b YL OIS 5 ol 018 las,la 53 05y (meo (548 O Ol jeis Ky, IS5
Figure 4. Cumulative Cash Flow Changes of the Project under Lower-Bound and Upper-Bound Scenarios
during the Five-Year Economic Analysis Horizon
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